Cytochalasin B inhibited the radial growth rate of Polyporus biennis, and caused an increase in hyphal density through a reduction in the distance between successive branches. Cytochalasin B also produced irregular hyphal profiles and, in a small percentage of hyphae, forked apices. The position of clamp connexions was little affected by cytochalasin B, but the developmental process was specifically inhibited during initiation and during the last two stages, when contact and dissolution of the clamp were occurring. There were no major disruptions of the ultrastructure of the dolipore/parenthesome septum caused by cytochalasin B treatment.
The Effect of Cytochalasin B on Hyphal Morphogenesis in Polyporus biennis
Cytochalasin B inhibited the radial growth rate of Polyporus biennis, and caused an increase in hyphal density through a reduction in the distance between successive branches. Cytochalasin B also produced irregular hyphal profiles and, in a small percentage of hyphae, forked apices. The position of clamp connexions was little affected by cytochalasin B, but the developmental process was specifically inhibited during initiation and during the last two stages, when contact and dissolution of the clamp were occurring. There were no major disruptions of the ultrastructure of the dolipore/parenthesome septum caused by cytochalasin B treatment.
I N T R O D U C T I O N
The cytochalasins are a group of fungal metabolites first discovered in 1964. The name was formulated to describe the effect of these compounds on the morphogenesis and movement of cells. Since their discovery, cytochalasin effects have been studied in a number of different animal and plant cell systems. One of the principal effects that has been established is the intracellular disorganization of microfilament systems (Wessells et al. 197 I) .
Few investigations of cytochalasin activity against fungi have been made. Betina, MiEekovh & Nemec (1972) and Betina & Micekova (1973) have studied the morphogenetic effects of cytochalasins A and D on Botrytis cinerea and found that cytochalasin B was inactive. Oliver (I 973), in contrast, found that cytochalasin B was active against Aspergillus nidulans. All these workers found that the cytochalasins induced increased branching and abnormalities in hyphal morphology. Recently, microfilaments have been shown to be present in A. nidulans (Oliver, I 972) and in two basidiomycetes, Schizophyllum commune (Raudaskoski, 1970) and Polyporus biennis (Moore & Marchant, 1972) . It was suggested that the microfilaments in P. biennis were possibly responsible for maintaining the integrity of the dolipore/parenthesome septa1 apparatus. It was to test this hypothesis that we originally grew P. biennis in the presence of cytochalasin B.
M E T H O D S
Organism A dikaryotic strain of P. biennis (Bull. ex Fr.) Fries obtained from the Centraalbureau voor Schimmelcultures, Baarn, The Netherlands (css676.70) was grown on a supplemented defined minimal medium (Wessels, 1965) at 30 "C. Solid media were prepared by the addition of 1.5 % (w/v) agar. dissolved in freshly distilled dimethylsulphoxide (DMSO) and added aseptically to the autoclaved medium to give a final DMSO concentration of I %.
Light microscopy. Material for examination was grown on the surface of 20 mm squares of sterile dialysis tubing laid over solid medium. Random samples were subsequently taken by cutting out small pieces of the dialysis tubing and mounting on a microscope slide, either unstained or stained with I % cotton blue in lactophenol. Distances between branches and between clamp connexions were measured with a micrometer. Observations were also made on the general morphology of the hyphae and on the developmental stage of each clamp connexion. Clamp connexion development was assigned to one of the five stages illustrated in Fig. I .
Electron microscopy. Mycelium grown on solid medium was transferred to fresh liquid medium, blended, and I ml of the blended material was then used to inoculate 200 ml Erlenmeyer flasks containing 19 ml medium. The flasks were incubated at 30 "C for 18 h and the material collected by centrifugation at 1200 g. The hyphae were fixed in acrolein, post-fixed in osmium tetroxide, stained in uranyl acetate and embedded in Epon according to the method of Moore & Marchant (1972) . Sections were cut with a diamond knife and post-stained with lead citrate before examination in an A.E.I. EM6G electron microscope operated at 80 kV.
RESULTS

The eflect of cytochalasin B on radial growth rate
The radial growth rate of the fungus was measured from its growth on plates of solid medium incubated at 30 "C. The effect of increasing concentrations of cytochalasin B, up to 40pg/ml, are shown in Fig. 2 . A control containing DMSO, but no cytochalasin, shows a reduction in RGR from 240pmIh to 2oopm/h, while the addition of 20pg/ml cytochalasin B produces a marked inhibitory effect reducing the RGR to 12opm/h. This concentration of 20 pg/ml was therefore selected as the one for further studies. The distance from the hyphal apex to the first branch was measured with an eyepiece micrometer and the grouped data are shown in Fig. 3 . The mean distance of the first branch from the hyphal apex is greatly reduced by cytochalasin B treatment; this reduction is a consequence of the large number of hyphae with branches close to the apex. Similarly, cytochalasin B reduces the mean distance between successive branches and produces many hyphae with closely spaced branches (Fig. 4) .
In contrast to the effect on the position of the first branch behind the apex, cytochalasin B
does not seem to influence the distance of the first clamp connexion from the apex (Fig. 9, nor is there a clear-cut cytochalasin B effect on the spacing between successive clamp connexions (Fig. 6) . The eflect of cytochalasin B on hyphal morphology and clamp conn exion de velopmen t Cytochalasin B treatment causes some distinct effects on the morphology of the hyphae. The principal effect is to destroy the smooth outline of the hyphae and to produce an irregular appearance. Irregular hyphae were never observed in either of the controls (minimal medium 5 DMSO), but 36 % of the hyphae grown in the presence of 20 p g cytochalasin B/ml did show this type of morphology. In addition, cultures grown with cytochalasin B uniquely showed 6 % hyphae with forked tips. Light microscopic observations of developing clamp connexions failed to reveal any ontogenetic abnormalities in any of the treatments. Clamp connexions were scored for their stage of development (I to 5 ) and their distance from the hyphal tip. From these data the mean position of each developmental stage, from the hyphal tip, was calculated for each growth condition (Fig. 7) . From this diagram it appears that clamp connexion development is most rapid in the presence of cytochalasin B; however, using these data in combination with the radial growth rates, it is possible to convert the linear developmental sequence to a temporal one. The stage of clamp connexion development thus becomes expressed in terms of the age of the site on the hypha bearing it (Fig. 8) of its distance from the apex and the rate of apical growth. From this interpretation it immediately becomes clear that cytochalasin B inhibits clamp connexion formation and furthermore, that the effect is confined to initiation and to the last two stages of development (contact and dissolution).
Ultrastructure oj' the dolipore/parenthesome septum Observations of septal structure in all three treatments demonstrated no substantial disruptions of the septal organization. Septa from hyphae treated with cytochalasin B were essentially normal in appearance (Fig. 9 ) and any disturbances relate to apparently minor effects on the integrity of the parenthesome. 
D I S C U S S I O N
The most immediately obvious effect of cytochalasin B on P. biennis is in an overall inhibition of growth. This is demonstrated by the more than 50 % reduction in radial growth rate in the presence of 20pg cytochalasin Blml. In all the experiments the presence of DMSO had a negligible effect on the organism. In common with the results of previous workers examining cytochalasin effects on fungi (Betina et a!. 1972; Betina & MiCekova, 1973; Oliver, 1973) , our study of P. biennis shows an increased branching and a greater hyphal density, both produced by a reduction in the interval between branches, as well as an abnormal hyphal morphology in the form of irregular outlines and divided hyphal apices. The most interesting results, however, concern the formation of clamp connexions. Although in cytochalasin-treated hyphae the clamp connexions are mature much closer to the hyphal apices than in the controls, it can be calculated that in fact the development time in the presence of cytochalasin is 1-53 h while in the controls it is 0.97 to 1-15 h. Of even greater significance is the fact that all stages of the developmental process are not equally inhibited. Stages I to 3, which involve the formation of the hook, nuclear division, and formation of the first septum, are not inhibited. Initiation and the final two stages, in which fusion of the clamp occurs, are strongly inhibited. Estensen & Plagemann (1972) have shown for animal cells that cytochalasin B acts as a competitive inhibitor for sugar transport and they have suggested that cytochalasin effects may be explained in terms of plasmalemma interactions.
The overall growth inhibition in P. biennis may be explained by a sugar-transport effect and the inhibition of clamp connexion initiation and fusion may also be the result of a cytochalasin effect on the plasmalemma. Although the initiation of branches and clamp connexions appears superficially similar in that they both commence as small outgrowths from the hypha, subsequent growth clearly separates the two structures. Cytochalasin B treatment has shown that even the respective initiation processes differ, as branching is promoted and clamp connexion formation 
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The original hypothesis under test was that microfilaments are responsible for the integrity of the doliporelparenthesome septum in P. biennis. Bradley (1973) has shown that cytoplasmic streaming in Nitella and Avena can be reversibly inhibited with cytochalasin B without the disorganization of the microfilaments in the cells. The dolipore/parenthesome septa of cytochalasin B-treated cells of P . biennis are essentially normal in appearance. There is no evidence to indicate disorganization of the microfilaments and subsequent breakdown of the septal structure. Parenthesomes were observed seemingly apart from any septal structure, but, as has been shown by Moore (1975) , these probably represent developmental stages in septum formation. The fact that septal breakdown did not occur in the presence of cytochalasin B does not necessarily prove that microfilaments are not involved in maintaining septal structure, as in many cases only subsurface microfilaments are disorganized by cytochalasin (Wessells et al. 1971 ).
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